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Objectives. We describe a method to facilitate routine monitoring of socio-
economic health disparities in the United States.

Methods. We analyzed geocoded public health surveillance data including
events from birth to death (c. 1990) linked to 1990 census tract (CT) poverty data
for Massachusetts and Rhode Island.

Results. For virtually all outcomes, risk increased with CT poverty, and when
we adjusted for CT poverty racial/ethnic disparities were substantially reduced.
For half the outcomes, more than 50% of cases would not have occurred if pop-
ulation rates equaled those of persons in the least impoverished CTs. In the early
1990s, persons in the least impoverished CT were the only group meeting Healthy
People 2000 objectives a decade ahead.

Conclusions. Geocoding and use of the CT poverty measure permit routine
monitoring of US socioeconomic inequalities in health, using a common and
accessible metric. (Am J Public Health. 2005;95:312–323. doi: 10.2105/AJPH.
2003.032482)
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US health disparities by socioeconomic posi-
tion within and across racial/ethnic groups,
as well as to retard understanding of the
contribution of economic and noneconomic
aspects of racial discrimination to US racial/
ethnic health disparities.8–10

To address this gap, we employed a meth-
odology rigorously validated in the United
States for the first time by our Public Health
Disparities Geocoding Project.11–14 Our ap-
proach builds on a technique eclectically em-
ployed in US health research for more than
75 years15–17 and increasingly used in Euro-
pean research during the past 25 years18,19:
that of categorizing individuals—both cases
and the population from which they arise—in
relation to the socioeconomic characteristics
of the immediate area in which they reside.
Our objective was to demonstrate the feasibil-
ity and salience of augmenting US public
health surveillance systems with socioeco-
nomic data, both to quantify socioeconomic
inequalities in health and to investigate their
contribution to racial/ethnic disparities in
health and to hampering attainment of
Healthy People objectives.3,20

METHODS

Population and Health Outcomes
As described previously,11–14 the study base

comprised populations and areas in Massa-
chusetts and Rhode Island enumerated in the
1990 census, corresponding health outcomes
proximate to the 1990 census, and 1990
census–derived socioeconomic data. We ob-
tained public health surveillance data from
the Massachusetts Department of Public
Health21 and the Rhode Island Department of
Health22 for births (1989–1991), childhood
lead poisoning (Rhode Island only; children
1–5 years old, 1994–1996), sexually transmit-
ted infections (STIs; 1994–1998), tuberculosis
(TB; 1993–1999), nonfatal weapons-related
injuries (Massachusetts only, 1995–1997),
cancer incidence (1998–1992), and all-cause
and cause-specific mortality (1989–1991),
thereby encompassing most of the Healthy
People 2000 consensus health status indica-
tors.20 Because of the similarity of results,
we report only data for Massachusetts, ex-
cept for the childhood lead poisoning data
from Rhode Island. (Other Rhode Island data

The extent of US socioeconomic inequalities
in health and their contribution to racial/eth-
nic health disparities is poorly documented
and cannot readily be monitored, given the
lack of socioeconomic data in most US public
health surveillance systems, apart from edu-
cational level in the birth and death certifi-
cates.1,2 This failure to include socioeconomic
data severely impedes efforts to understand,
routinely monitor, and address social dispari-
ties in health in the United States. Because of
an absence of baseline data, 70% of the 467
US public health objectives for the year 2010
lack socioeconomic targets.3

The critical importance of documenting the
social patterning of disease and death has
been recognized since the rise of the public
health movement in the mid-19th century,4

and such documentation is of national and
global significance.1,5 As Sydenstricker noted
when establishing the first US population-
based morbidity studies in the 1920s, data on
the social patterns of health are crucial to
“give glimpses of what the sanitarian has long
wanted to see—a picture of the public-health
situation as a whole, drawn in proper per-
spective and painted in true colors.”6(p280)

These health statistics, generated through cy-
cles of ongoing data collection, analysis, inter-
pretation, and dissemination,1 not only pro-
vide vital information about the population
burden of disease, relevant for allocation of
resources, but also provide critical stimuli
for—and tests of—etiologic hypotheses about
disease causation.7

Yet in contrast to Europe, where health
statistics have routinely included socioeco-
nomic data,4,5 in the United States, most
public health surveillance systems have not
collected data on socioeconomic factors as
they have on race/ethnicity.1,2 The net effect
has been to remove from view—and from
policy discourse—the pervasive patterning of
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are available on request.) Reporting of all
these health outcomes is mandatory.21,22 Use
of these data was approved by all relevant in-
stitutional review boards at the Harvard
School of Public Health, the Massachusetts
Department of Public Health, and the Rhode
Island Department of Health.

During the study period, case ascertain-
ment was 100% for births and deaths, ex-
ceeded 90% for cancer incidence, and was
based on mandatory universal childhood lead
screening in Rhode Island.11,12,21,22 Case ascer-
tainment for nonfatal weapons-related injuries
was based on mandatory reporting from all
Massachusetts acute care hospital emergency
departments and was estimated to be at least
80% complete.13,21 Case ascertainment of per-
sons with TB was based on mandatory report-
ing via designated TB clinics and additional
health care providers.13,21,22 Similarly, case as-
certainment for STIs was based on mandatory
reporting of persons who were symptomatic
patients, sought testing because they were
concerned about their exposure (i.e., after un-
safe sex), received a complete battery of STI
tests as part of seeking confidential HIV test-
ing, were sexual partners of current cases, or
were tested in the course of routine gynecol-
ogical examinations. Data from Massachusetts
indicated that case ascertainment during the
study period was approximately 90% for
syphilis but lower for chlamydia.13,21

Data for low birthweight (<2500 g),
childhood lead poisoning (blood lead levels
≥10 µg/dL), cancer incidence, and death
were analyzed for persons.11,12 Data for TB,
STIs, and nonfatal gun injuries (accounting
for 97% of all the weapons-related injuries)
were analyzed for new occurrences on a case
basis, with data protocols excluding multiple
reports of any given case.13 Data for lead poi-
soning were restricted to venous specimens
and were analyzed for a child’s first record in
the study interval.12 Analyses of low birth-
weight were restricted to singleton births
among mothers aged 15 to 55 years.12 Can-
cer type was categorized by standard Surveil-
lance, Epidemiology, and End Results (SEER)
site/histology definitions, and cause of death
was categorized by International Classification
of Diseases, Ninth Revision (ICD-9) codes.11

Slightly more than 760000 records were
included in our final analytic data sets, re-

stricted to records for in-state residents with
known age and gender and with the identi-
fied health outcome occurring during the
specified study interval; for details, see our
previous publications.11–14 Fully 98% of these
records were geocoded to the census tract
(CT) level by a commercial geocoding firm
with verified high accuracy (96%).23 CTs on
average contain 4000 persons and are de-
signed by the US Census Bureau “to be rela-
tively homogenous with respect to population
characteristics.”24(ppG-10,G-11)

Data on race/ethnicity, gender, and age
were obtained by self-report for the 1990
census25 and birth certificate data and by par-
ent’s report for the childhood lead poisoning
data.12,21,22 They were obtained by a mixture
of self-report and observer report for the STI,
TB, and injury cases13,21,22; abstracted by reg-
istry staff from medical records for the cancer
data11,21,22; and reported by next of kin or re-
corded by the funeral director for the death
data.11,21,22 Because databases variously used
1 or 2 fields for race and Hispanic origin,14,21,22

we conducted separate analyses for the White
and Black populations and for the Hispanic
population (including persons of all census-
designated “races”). Analyses for the Ameri-
can Indian and the Asian and Pacific Islander
American populations (comprising slightly
more than 2% of the Massachusetts and
Rhode Island population) were restricted to
low birthweight and premature mortality,
owing to the small sample size. In this study,
we conceptualized “race/ethnicity” as a social
variable critical to shaping social disparities in
health8–10,14,26; we recognized, however, that
reliance on different data sources precluded
use of identically measured racial/ethnic data
across all outcomes, a limitation common to
US public health surveillance data.1

Percentage of Persons in Census Tract
Living Below Poverty Level

The area-based socioeconomic measure
selected for analysis was the CT poverty
level. For 1990 census data, the poverty line
(which varies by household size and age
composition) equaled $12647 for a family of
2 adults and 2 children.25 We chose this
measure on the basis of our previous re-
search,11–14 which demonstrated that this
measure consistently detected expected

socioeconomic gradients in health across a
wide range of health outcomes, both in the
total population and among diverse racial/
ethnic–gender groups; yielded maximal
geocoding and linkage to area-based socio-
economic data (compared with block group
and zip code data); and was readily inter-
pretable and could feasibly be used by state
health department staffs. On the basis of pre-
vious analyses,11–14 a priori cut-points for per-
centage of persons living below poverty level
equaled 0% to 4.9%, 5.0% to 9.9%, 10.0%
to 19.9%, and 20% or more (the federal def-
inition of a “poverty area”).27

Data Analysis
Our analysis involved 5 steps. All analyses

were conducted in SAS.28 In step 1, we deter-
mined the number of cases and population
size in each CT poverty stratum, overall and
stratified by age, gender, and race/ethnicity.
In step 2, we calculated the relevant age-
standardized average annual incidence rate or
proportion (for low birthweight and childhood
lead poisoning), stratified by the CT-level pov-
erty measure.29 For age standardization, we
employed the Year 2000 standard million,29

using 5 age groups (0–14, 15–24, 25–44,
45–64, and ≥65 years). Following standard
practice for rates centered around a census,30

we set the total number of person-years in the
denominator equal to the population in that
socioeconomic stratum enumerated in the
1990 census multiplied by the relevant num-
ber of years of observation. In step 3, we
compared these rates with Healthy People
2000 goals,20 where applicable.

In step 4, we quantified and graphed each
outcome’s socioeconomic gradient, overall
and stratified by race/ethnicity and gender,
computing the incidence rate ratio or odds
ratio, as warranted, comparing persons living
in the most impoverished CTs with persons
living in the least impoverished CTs. We also
calculated the population attributable fraction
(PAF), which refers to the proportion of cases
that would not have occurred if the risk of all
persons equaled that of persons in the refer-
ent group.31 The referent group was defined
in our study as persons residing in CTs with
fewer than 5% of persons living below pov-
erty. For each outcome, the overall PAF
equaled the weighted average of the relevant
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TABLE 1—Distribution of Population, by Race/Ethnicitya and Census Tract (CT) Poverty
Level: Massachusetts, 1990

% Distribution by CT Poverty Levelb

% of Total Poverty Poverty Poverty Poverty 
n Population 0.0%–4.9% 5.0%–9.9% 10.0%–19.9% ≥ 20.0%

Total 6 016 425 100.0 42.3 30.5 15.4 11.8

White 5 411 774 89.9 45.5 32.0 14.8 7.7

Black 297 006 4.9 9.2 16.7 23.7 50.4

Hispanic 275 859 4.6 10.1 16.2 20.7 53.0

Asian/Pacific Islander 140 745 2.3 28.3 24.2 18.4 29.1

American Indian 12 585 0.2 23.4 31.5 18.7 26.5

a The census-designated racial categories (White, Black, Asian and Pacific Islander, and American Indian) include persons of
Hispanic and non-Hispanic origin, and the Hispanic category includes persons of all census-designated races. In the 1990
census, 98% of the White population and 92% of the Black population in Massachusetts self-identified as non-Hispanic.
b The percentage of each population group for which data on CT poverty levels was missing was very low (total, 0.07%; White,
0.07%; Black, 0.06%; Hispanic, 0.05%; Asian/Pacific Islander, 0.03%; American Indian, 0.16%). Additionally, the percentage
distribution by poverty was virtually identical among women and men within each racial/ethnic group; thus percentages are
not reported separately by gender.

age-specific PAF, with weights defined by the
proportion of cases in each stratum.31 Finally,
in step 5, we explored the contribution of
socioeconomic inequalities in health to age-
adjusted racial/ethnic health disparities by
additionally adjusting for CT poverty, using
Poisson regression models.

RESULTS

Table 1 presents data on the Massachusetts
study base as enumerated in the 1990 cen-
sus. Approximately 6 million persons were
enumerated, as were 1331 census tracts (av-
erage population size=4572 persons). Nearly
half the White population (90% of Massachu-
setts residents) lived in CTs with fewer than
5% of persons living below poverty level;
more than half the Black and Hispanic popu-
lations lived in CTs with 20% or more of per-
sons living below poverty level.

Figure 1 presents rates for each outcome,
stratified by CT poverty, plus data on the
Healthy People 2000 objectives as relevant,
for the total population. (An additional fig-
ure showing data stratified by gender and
race/ethnicity is available as a supplement
to the online version of this article at
http://www.ajph.org.) Using a graphical
format,32 which we have newly applied to
routinely collected US state health depart-
ment data,11–13 we set the width of each bar

to be proportional to the size of the popula-
tion in the specified socioeconomic stratum.
Table 2 provides corresponding data on the
population base for these rates, the rate
ratio comparing persons in the most impov-
erished CT with those in the least impover-
ished CT, the test for trend across all pov-
erty strata, and the PAF.

As shown in Figure 1 (across the full popu-
lation) and Table 2 (comparing persons in the
most impoverished CT with those in the least
impoverished CT), significant trends of in-
creased risk associated with living in increas-
ingly poor CTs were evident for virtually all
outcomes except breast and colon cancer inci-
dence, as expected. Within the total popula-
tion, the rate ratio for persons in the most im-
poverished CTs compared with persons in the
least impoverished CTs exceeded 2.0 for 10
of the 18 outcomes analyzed. For virtually all
outcomes, the socioeconomic gradient was
steepest among the White population, largely
because rates among Whites in the least im-
poverished CT were the lowest. With few ex-
ceptions (notably premature mortality and
homicide), socioeconomic gradients were
similar for women and men.

For the 8 outcomes with a rate ratio ex-
ceeding 5.0 (childhood lead poisoning, the 3
STIs, TB, nonfatal gun-related injuries, and
mortality due to HIV/AIDS and to homicide
and legal intervention), more than 50% of

cases would not have occurred if population
rates had equaled those of persons living in
the least impoverished CT. Population groups
already meeting Healthy People 2000 objec-
tives in the early 1990s lived chiefly in the
least impoverished CTs, while those far from
meeting these objectives lived mainly in more
impoverished CTs.

Table 3 presents analyses regarding the
contribution of socioeconomic disparity to
racial/ethnic inequalities in health. For virtu-
ally all outcomes, adjusting for this study’s one
partial measure of socioeconomic position—
CT-level poverty—substantially reduced the
excess risk observed among Blacks and His-
panics compared with Whites. These excess
risks were approximately halved for child-
hood lead poisoning, gonorrhea, TB, HIV/
AIDS mortality, and homicide; lesser but still
significant reductions occurred for low birth-
weight, syphilis, chlamydia, nonfatal firearms-
related injuries, premature mortality, lung and
cervical cancer incidence, and diabetes mor-
tality. By contrast, adjusting for CT poverty
either had no impact on or else reduced the
lower risk observed among Blacks and His-
panics compared with Whites for colon can-
cer incidence and heart disease mortality and
slightly increased the Black excess risk for
prostate cancer incidence.

DISCUSSION

The results of this study demonstrate the
salience and feasibility of routinely monitor-
ing US socioeconomic inequalities in health
using the strategy of characterizing cases and
the overall population in relation to a com-
mon and accessible metric: the poverty level
of the CT in which individuals reside. The
picture painted is one of powerful socioeco-
nomic gradients in health across myriad
outcomes, for women and men in all racial/
ethnic groups, whereby socioeconomic depri-
vation contributes not only to racial/ethnic
disparities in health but also to the occur-
rence of more than half the cases for more
than half the outcomes studied.

Our results are unlikely to be due to bias
stemming from cases’ having an erroneous or
ungeocodable address or living in an area
missing CT poverty data. Fully 98% of rec-
ords were geocoded to the CT level by a
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a

Note. All rates were age-standardized using the Year 2000 standard million, except for the childhood health outcomes (low birthweight and lead poisoning). In each graph, the height of the bar
equals the rate, while the width is proportional to the size of the population in the socioeconomic stratum. Rates based on fewer than 5 cases were suppressed, owing to unreliability of the
estimates. The original Healthy People 2000 mortality baseline rates and targets were age-standardized to the 1940 standard million; to make them compatible with rates age-standardized to the
Year 2000 standard million, we restandardized the Healthy People 2000 baseline mortality rates to the Year 2000 standard million and applied the percentage reduction used to set the original
target rate to generate an equivalent target age-standardized to the Year 2000 standard million. Data on childhood lead poisoning are from Rhode Island, 1994–1996. All other data are from
Massachusetts: births, 1989–1991; sexually transmitted infections and tuberculosis, 1993–1998; nonfatal gun-related injuries, 1995-1997; cancer incidence, 1988–1992; mortality, 1989–1991.

FIGURE 1—Socioeconomic gradients for (a–b) childhood outcomes (% low birthweight, childhood lead poisoning), (c–g) infectious disease and
injury (gonorrhea, syphilus, chlamydia, tuberculosis, gunshot wounds), (h–l) cancer incidence (lung, breast, cervical, prostate, colon), and
(m–r) mortality for the total population (premature, heart disease, cancer, diabetes, HIV, homicide), with age-standardized rates stratified by
census tract poverty and compared with relevant Healthy People 2000 objectives: Massachusetts (all outcomes except childhood lead
poisoning) and Rhode Island (childhood lead poisoning only), circa 1990. (Continued)
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FIGURE 1—Continued.
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FIGURE 1—Continued.

geocoding firm whose accuracy we verified,23

only 0.7% of CTs lacked data on poverty, and
previous analysis of the birth and death data
showed no variation by individual-level edu-
cation in the proportion of records geo-
coded.11,12 Nor are our results dependent on
our choice of the CT poverty measure. As
previously reported,11–14 we obtained similar
results using census block group data (albeit
with only 92% of records geocoded) and also
with other measures, such as median house-
hold income, and more complex and less
readily interpretable composite measures,
such as the UK Townsend index.18,19

Likewise supporting use of CTs are 2 addi-
tional considerations. First, when initially de-
limited, their boundaries are drawn to en-
compass “relatively homogenous” populations
in relation to “economic status, and living
conditions.”24,(ppG-10,G-11) Second, once created,
CTs constitute administrative units used by
federal, state, and local agencies to character-
ize jurisdictions for determination of eligibil-

ity and resource allocation for diverse pro-
grams, including “urban empowerment
zones,” “medically underserved areas,” and
“qualified census tracts” for the purpose of
the low-income housing tax credit; thus
CTs have real-life implications for the quality
of life of their residents.33–37 An appreciation
for policy relevance and recognition of the
strong association of CT poverty with other
CT economic measures likewise led the Na-
tional Cancer Institute to employ the CT pov-
erty measure, where feasible, in its recently
issued report on area socioeconomic varia-
tions in cancer.38

The method we used does not treat CT-
level measures as a proxy for individual-
level measures. Nor is it compromised by
ecological fallacy, since analyses are based
on individuals, categorized in relation to
the socioeconomic circumstances of their
residential area.11–14 Instead, assuming
choice of a meaningful area, it posits that
area-based socioeconomic measures capture

a mix of any individual-level and area-
based socioeconomic effects. Likely at issue
is a complex combination of 3 factors:
(1) composition (people in poor areas have
poor health because poor individuals have
poor health), (2) context (people in poor
areas also have poor health because a con-
centration of poverty creates or exacerbates
harmful social interactions), and (3) location
of public goods (e.g., supermarkets, health
clinics) and environmental pollution.39,40 If
the relevant data were available, these com-
plex interactions could be analyzed by
multilevel methods.41,42

A related advantage of area-based socio-
economic measures is that they can be ap-
plied to all persons in an area, regardless of
age or gender, thereby avoiding well-known
problems with individual-level measures of
education and occupation, for example, how
to classify children and others who have not
completed their education or who are not in
the paid labor force, including homemakers,
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TABLE 2—Rate Ratiosa and Population Attributable Fractions (PAFs) for Census Tract
Poverty for Selected Health Outcomes (Total Population), by Race/Ethnicity b and Gender:
Massachusetts, Circa 1990

No. No. in Test for 
Cases Population RR (95% CI) Trend, P PAF, %

Childhood outcomes, per 100 population

Low birthweight (1989–1991)

Total 11 369 228 177 2.2 (2.1, 2.3) < .0001 24.2

Girls

White 3 944 92 343 1.7 (1.5, 1.8) < .0001 12.5

Black 1 071 9 562 1.1 (0.8, 1.4) .0005 < 0

Hispanic 784 12 568 1.9 (1.4, 2.6) < .0001 37.8

API 997 15 529 1.6 (1.3, 2.0) .1889 18.5

American Indian 22 232 1.4 (0.4, 5.7) .8472 18.9

Boys

White 3 653 97 752 1.8 (1.6, 2.0) < .0001 13.9

Black 875 9 810 1.5 (1.1, 2.0) .0024 23.5

Hispanic 737 13 214 1.7 (1.3, 2.3) < .0001 32.7

API 910 16 370 1.6 (1.2, 2.0) .7836 26.9

American Indian 12 228 0.6 (0.1, 2.3) .7681 < 0

Childhood lead poisoning c

Total 4 727 29 092 9.5 (8.5, 10.6) < .0001 69.8

Girls

White 544 6 731 11.5 (8.6, 15.3) < .0001 59.6

Black 367 1 010 2.8 (1.5, 5.0) < .0001 40.2

Hispanic 652 2 516 1.7 (0.9, 3.5) < .0001 24.3

Boys

White 708 7 148 8.1 (6.3, 10.4) < .0001 46.6

Black 388 1 038 5.5 (2.4, 12.3) < .0001 66.0

Hispanic 689 2 533 8.1 (1.9, 33.6) < .0001 81.6

Infectious disease and injury, new cases per 100 000 population

Gonorrhea (1994-1998)

Total 7 160 30 062 385 11.5 (10.6, 12.4) < .0001 71.0

Women

White 701 14 091 505 5.3 (4.3, 6.6) < .0001 47.0

Black 991 769 840 2.1 (1.5, 2.9) < .0001 47.3

Hispanic 479 705 440 2.1 (1.4, 3.3) .0002 48.3

Men

White 966 12 949 145 5.8 (4.8, 6.9) < .0001 44.7

Black 1 208 714 345 2.7 (2.0, 3.6) < .0001 57.1

Hispanic 558 673 185 3.3 (2.1, 5.1) < .0001 63.6

Syphilis (1994-1998)

Total 2 615 30 062 385 16.9 (14.9, 19.3) < .0001 72.7

Women

White 128 14 091 505 4.1 (2.4, 6.8) < .0001 33.8

Black 394 769 840 1.1 (0.7, 1.7) .0385 19.7

Hispanic 313 705 440 4.3 (2.3, 8.1) < .0001 66.9

Men

White 198 12 949 145 3.3 (2.1, 5.2) < .0001 39.3

Black 534 714 345 1.5 (1.0, 2.2) .3885 33.6

Hispanic 533 673 185 1.4 (1.0, 2.0) .0002 9.7

Continued

the retired, and the unemployed.17–19 This
asset perhaps accounts for the similar socio-
economic gradients we observed in both
women and men, in contrast to the inconsis-
tent findings based on individual-level socio-
economic data that have been reported.17–19

Our estimates of the magnitude of socio-
economic inequalities in health, within and
across diverse racial/ethnic groups, are sub-
ject to concerns about racial/ethnic misclassi-
fication and the census undercount.8–10 By it-
self, the method of geocoding and employing
area-based socioeconomic measures cannot
directly address these 2 problems, which af-
fect all population-based analyses reliant on
public health surveillance and census data
and which warrant critical research.38,43,44

However, analyses of low birthweight and
childhood lead poisoning would not be af-
fected by the census undercount because
the denominators were, respectively, the
births themselves and the children screened;
moreover, racial/ethnic misclassification was
minimized by use of self-reported racial/
ethnic data.

Also relevant are concerns about the use
of the US poverty line as an indicator of so-
cioeconomic deprivation.8,9,17,37,38,45 Recent
research suggests that despite the limitations
of the official US poverty line (since initial
assumptions about the proportion of a house-
hold’s budget required for food and housing
no longer hold and alternative approaches
for taking into account public assistance have
been proposed),45,46 the CT poverty measure,
especially for CTs with a poverty level in
excess of 20% (the federal definition of a
“poverty area”27), does provide a reasonable
indicator of neighborhood economic depriva-
tion, as assessed in relation to housing deteri-
oration, refuse, crime, and other social indi-
cators (e.g., unemployment, low earnings,
low education).27,37,47

As an indicator of the robustness of the
poverty threshold employed, we found similar
results11–14 when we used percentage of per-
sons living below 50% and above 200% of
the US poverty line and percentage of per-
sons earning less than 50% of the US me-
dian household income (an alternative mea-
sure of poverty employed in many European
countries17,46). The magnitude of the socio-
economic gradients we detected when we
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Chlamydia (1994-1998)
Total 24 510 30 062 385 5.5 (5.3, 5.7) < .0001 55.5
Women

White 5 814 14 091 505 2.3 (2.1, 2.5) < .0001 29.9
Black 3 104 769 840 1.3 (1.1, 1.5) .0376 20.8
Hispanic 3 892 705 440 2.2 (1.9, 2.6) < .0001 51.0

Men
White 734 12 949 145 2.3 (1.8, 2.9) < .0001 33.1
Black 1 061 714 345 1.8 (1.4, 2.3) .0003 38.7
Hispanic 689 673 185 2.4 (1.7, 3.5) .0103 53.7

Tuberculosis (1993-1998)
Total 1 776 36 074 862 7.6 (6.6, 8.7) < .0001 56.5
Women

White 283 16 909 806 5.8 (4.1, 8.4) < .0001 40.9
Black 207 923 808 0.9 (0.5, 1.4) .0956 < 0
Hispanic 92 846 528 3.4 (1.2, 9.6) .9689 54.4

Men
White 485 15 538 974 8.1 (6.3, 10.5) < .0001 48.1
Black 273 857 214 2.7 (1.2, 5.8) .4877 69.8
Hispanic 153 807 822 2.1 (1.0, 4.6) .0810 41.4

Nonfatal weapons-related 
injuries (1995–1997)

Total 1 247 18 037 431 11.2 (9.4, 13.4) < .0001 70.4
Women

White 39 8 454 903 4.3 (1.7, 11.0) .0051 44.8
Black 40 461 904 1.2 (0.3, 3.9) .8912 5.1
Hispanic 18 423 264 . . . .0503 100

Men
White 308 7 769 487 1.9 (1.3, 2.8) .0002 23.0
Black 430 428 607 4.7 (2.6, 8.6) < .0001 73.4
Hispanic 252 403 911 6.0 (2.6, 13.6) < .0001 78.9

Cancer incidence (1988–1992), cases per 100 000 population
Lung cancer

Total 24 160 30 062 385 1.2 (1.2, 1.3) < .0001 5.9
Women

White 9 345 14 091 505 1.3 (1.2, 1.4) < .0001 5.3
Black 207 769 840 0.7 (0.5, 1.1) .1342 < 0

Men
White 13 584 12 949 145 1.5 (1.4, 1.6) < .0001 11.8
Black 430 714 345 0.9 (0.7, 1.3) .0718 < 0

Breast cancer (women)
Total 9 468 15 642 450 0.7 (0.7, 0.8) < .0001 < 0
White 8 905 14 091 505 0.9 (0.8, 0.9) < 0.0001 < 0
Black 214 769 840 0.7 (0.5, 0.9) .0001 < 0

Cervical cancer (women)
Total 1 835 15 642 450 1.7 (1.6, 2.2) < .0001 21.6
White 1 533 14 091 505 1.8 (1.5, 2.2) < .0001 13.8
Black 100 769 840 1.5 (0.7, 3.3) .0124 16.3

Prostate cancer (men)
Total 19 935 14 419 935 0.7 (0.7, 0.8) < .0001 < 0
White 18 499 12 949 145 0.8 (0.7, 0.8) < .0001 < 0
Black 604 714 345 0.8 (0.6, 1.0) < .0001 < 0

Continued

used these alternative measures was on a
par with available estimates reported in the
US literature8–14,48 and analogous European
literature.18,19

The net implication is that our results are
unlikely to overestimate either the extent of
socioeconomic gradients or their contribution
to racial/ethnic disparities in health. Instead,
they underscore the widespread and often
profound extent to which socioeconomic dep-
rivation adversely shapes population health,
from infancy to death. For example, in what
to our knowledge is the first statewide finding
on the PAF in relation to poverty, we found
that for half the outcomes studied, more than
50% of cases would not have occurred if
population rates equaled those of persons
living in the least impoverished CT, the only
group that consistently achieved Healthy Peo-
ple 2000 goals a decade ahead of time.

From policy, clinical, and etiologic perspec-
tives, it would be useful to disentangle differ-
ent pathways underlying the associations we
observed between CT poverty and health sta-
tus. Toward this end, a fast-growing body of
research is investigating the myriad causes of
social inequalities in health and effects of
policies to change them.49–53 At issue is how
class, racial/ethnic, and gender inequality
harm health by shaping exposure, across the
lifecourse, to adverse living and working con-
ditions and inadequate health care.

Augmenting this research and policy
agenda, the evidence obtained by systemati-
cally and routinely monitoring social dispari-
ties in population health focuses attention on
such questions as what explains the observed
variations in the magnitude of socioeconomic
inequalities across health outcomes, among
both the total population and diverse racial/
ethnic-gender groups, and what explains the
persistence of—or changes in—these patterns
over time.7–14 Answering these questions will
require considering both differential socioeco-
nomic circumstances of diverse birth cohorts
over time and critical period factors affecting
other aspects of social inequality, for example,
passage of the Civil Rights Act in 1964.49,50

In conclusion, the results of this study high-
light the importance and the feasibility of rou-
tinely monitoring US socioeconomic inequali-
ties in health, both overall and stratified by
race/ethnicity and gender, thereby painting a



American Journal of Public Health | February 2005, Vol 95, No. 2320 | Research and Practice | Peer Reviewed | Krieger et al.

 RESEARCH AND PRACTICE 

TABLE 2—Continued

Colon cancer

Total 17 264 30 062 385 1.0 (0.9, 1.0) .9498 0.2

Women

White 8 609 14 091 505 1.0 (0.9, 1.1) .8109 < 0

Black 200 769 840 0.7 (0.5, 1.1) .5714 < 0

Men

White 7 744 12 949 145 1.2 (1.1, 1.3) .0002 3.3

Black 176 714 345 0.5 (0.3, 0.8) < .0001 < 0

Mortality (1989–1991), cases per 100 000 population

Premature mortality

Total 35 394 15 578 889 2.2 (2.1, 2.2) < .0001 22.5

Women

White 11 245 6 987 483 1.8 (1.6, 1.9) < .0001 13.2

Black 1 047 426 666 1.9 (1.4, 2.6) < .0001 20.2

Hispanic 397 408 834 2.8 (1.6, 5.1) < .0001 83.4

API 146 201 807 1.7 (1.0, 2.9) .0071 27.2

American Indian 11 18 087 . . . .0053 100.0

Men

White 19 598 6 869 619 2.3 (2.2, 2.4) < .0001 22.7

Black 1 809 406 698 2.2 (1.7, 2.8) < .0001 69.3

Hispanic 873 394 419 2.5 (1.7, 3.5) < .0001 56.3

API 225 202 875 2.5 (1.6, 3.9) < .0001 34.9

American Indian 31 16 830 4.3 (1.2, 15.9) < .0001 60.4

Heart disease

Total 51 186 18 037 431 1.4 (1.3, 1.4) < .0001 9.0

Women

White 26 422 8 454 903 1.4 (1.4, 1.5) < .0001 8.0

Black 629 461 904 0.8 (0.6, 1.1) .3644 < 0

Hispanic 139 423 264 3.0 (1.5, 6.3) < .0001 62.2

Men

White 22 939 7 769 487 1.6 (1.5, 1.6) < .0001 11.5

Black 671 428 607 1.1 (0.8, 1.5) .0280 9.4

Hispanic 184 403 911 1.6 (1.0, 2.8) < .0001 31.8

Cancer

Total 40 060 18 037 431 1.1 (1.1, 1.2) < .0001 4.2

Women

White 19 222 8 454 903 1.1 (1.1, 1.2) < .0001 2.1

Black 550 461 904 1.1 (0.8, 1.6) .1244 16.1

Hispanic 118 423 264 1.4 (0.7, 2.9) < .0001 47.4

Men

White 19 119 7 769 487 1.3 (1.3, 1.4) < .0001 7.6

Black 645 428 607 1.2 (0.9, 1.5) .2494 11.3

Hispanic 154 403 911 1.3 (0.7, 2.2) < .0001 12.5

Diabetes

Total 3 757 18 037 431 1.5 (1.3, 1.6) < .0001 10.7

Women

White 1 957 8 454 903 1.5 (1.3, 1.8) < .0001 9.4

Black 104 461 904 3.5 (1.1, 11.2) .0102 66.7

Hispanic 25 423 264 1.9 (0.5, 6.7) < .0001 24.1

Continued

truer picture of the “public-health situation as
a whole” as long urged by Sydenstricker and
other public health leaders.4,6,54 The evidence
generated by our approach, which fills gaps in
policy-relevant knowledge,1,5,6,55–57 could be
used to set health objectives, guide resource
allocation, and track progress—and setbacks—
in reducing social disparities in both health
and health care at the national, state, and
local levels.

Although inclusion of more individual-
level socioeconomic data in US public health
surveillance systems, along with census-
derived area-based socioeconomic data,
would be ideal,1,58,59 efforts over the past
century to include the former have met with
only a modicum of success.2,54 Our proposed
methodology, which relies on widely avail-
able data, not only is cost-efficient but also
permits comparisons within and across
health outcomes throughout the United
States and over time, that are based on a
common metric for socioeconomic position
derived from US census data. Moreover, the
timeliness of CT data will be improved start-
ing in 2008, when the American Commu-
nity Survey starts releasing annual CT esti-
mates based on 5-year rolling averages.37,60

If data on national, state, and local socioeco-
nomic inequalities in health were readily
available and were reported yearly, both
for the total population and for diverse
racial/ethnic–gender groups, efforts to
track—and improve accountability for the
purpose of addressing—social disparities in
health would be greatly enhanced. We sug-
gest this can be accomplished by geocoding
US public health surveillance data and using
the CT-level measure “percentage of persons
living below poverty level.”
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Men

White 1 553 7 769 487 1.3 (1.0, 1.5) .0003 8.6

Black 67 428 607 0.9 (0.3, 2.2) .0396 11.0

Hispanic 22 403 911 1.7 (0.4, 7.6) < .0001 53.0

HIV/AIDS

Total 1 457 18 037 431 7.1 (6.2, 8.3) < .0001 54.4
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White 81 8 454 903 5.0 (2.6, 9.4) < .0001 38.3

Black 77 461 904 2.1 (0.8, 5.8) .0161 36.2

Hispanic 35 423 264 5.7 (0.8, 42.2) < .0001 72.1

Men
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Black 229 428 607 5.7 (2.5, 13.1) < .0001 73.9

Hispanic 97 403 911 9.8 (2.4, 40.5) < .0001 82.8

Note. RR = rate ratio; CI = confidence interval; API = Asian/Pacific Islander.
a RRs compare persons living in the most impoverished census tracts (more than 20% of persons living in poverty) with those
living in the least impoverished census tracts (< 5% of persons living in poverty). No RR was computed when the rate in the
referent category was 0.
b The census-designated racial categories include persons of Hispanic and non-Hispanic origin, and the Hispanic category
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c Defined as elevated blood lead levels (≥ 10 µg/dL). Data are from Rhode Island, 1994–1996.
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TABLE 3—Racial/Ethnica Disparities in Selected Health Outcomes: Age-Adjusted Relative
Risks,b Before and After Adjustment for Census Tract (CT) Poverty Level: Massachusetts,
Circa 1990

Black:White Hispanic:White

Women Men Women Men
RR or OR (95% CI) RR or OR (95% CI) RR or OR (95% CI) RR or OR (95% CI)

Childhood outcomes

Low birthweight (1989-1991)

Age-adjusted OR 2.8 (2.6, 3.0) 2.5 (2.3, , 2.7) 1.5 (1.4, 1.6) 1.5 (1.4, 1.7)

+ Adjusted for CT poverty 2.3 (2.1, 2.5) 2.0 (1.8, 2.2) 1.2 (1.1, 1.3) 1.2 (1.1, 1.3)

Childhood lead poisoningc

Age-adjusted OR 6.5 (5.6, 7.6) 5.4 (4.7, 6.3) 4.0 (3.5, 4.5) 3.4 (3.0, 3.8)

+ Adjusted for CT poverty 2.4 (2.0, 2.9) 2.1 (1.8, 2.6) 1.3 (1.1, 1.6) 1.2 (1.1, 1.4)

Infectious disease and injury 

Gonorrhea (1994-1998)

Age-adjusted 22.0 (19.9, 24.2) 21.3 (19.6, 23.2) 10.7 (9.5, 12.0) 10.5 (9.4, 11.6)

+ Adjusted for CT poverty 14.0 (12.6, 15.7) 13.0 (11.8, 14.3) 6.2 (5.4, 7.1) 5.9 (5.2, 6.6)

Syphilis (1994-1998)

Age-adjusted 56.6 (45.8, 69.9) 57.0 (48.0, 67.8) 54.1 (43.5, 67.2) 69.0 (58.0, 82.1)

+ Adjusted for CT poverty 45.9 (36.0, 58.7) 42.3 (34.8, 51.4) 33.5 (26.0, 43.1) 54.7 (45.0, 66.5)

Chlamydia (1994-1998)

Age-adjusted 8.1 (7.8, 8.5) 23.4 (21.3, 25.8) 10.0 (9.6, 10.4) 15.3 (13.7, 16.9)

+ Adjusted for CT poverty 6.4 (6.1, 6.7) 18.3 (16.4, 20.4) 7.5 (7.1, 7.8) 11.8 (10.5, 13.3)

Tuberculosis (1993-1998)

Age-adjusted 20.4 (16.5, 25.3) 13.9 (11.8, 16.4) 19.8 (14.6, 26.9) 15.1 (12.1, 18.7)

+ Adjusted for CT poverty 13.8 (10.7, 17.8) 6.9 (5.7, 8.3) 15.1 (10.5, 21.7) 8.0 (6.3, 10.3)

Nonfatal weapons-related 

injuries (1995-1997)

Age-adjusted 16.9 (10.8, 26.4) 24.4 (21.0, 28.3) 8.0 (4.5, 14.1) 14.9 (12.6, 17.7)

+ Adjusted for CT poverty 12.6 (7.5, 21.3) 17.4 (14.6, 20.6) 4.2 (2.1, 8.0) 10.7 (8.8, 13.0)

Cancer incidence (1988-1992)

Lung cancer

Age-adjusted 0.7 (0.6, 0.8) 1.0 (1.0, 1.1) . . . . . . . . . . . .

+ Adjusted for CT poverty 0.6 (0.5, 0.7) 0.9 (0.8, 1.0) . . . . . . . . . . . .

Breast cancer

Age-adjusted 0.7 (0.6, 0.7) . . . . . . . . . . . . . . . . . .

+ Adjusted for CT poverty 0.7 (0.6, 0.8) . . . . . . . . . . . . . . . . . .

Cervical cancer

Age-adjusted 1.5 (1.2, 1.8) . . . . . . . . . . . . . . . . . .

+ Adjusted for CT poverty 1.2 (1.0, 1.5) . . . . . . . . . . . . . . . . . .

Prostate cancer

Age-adjusted . . . . . . 1.2 (1.0, 1.3) . . . . . . . . . . . .

+ Adjusted for CT poverty . . . . . . 1.3 (1.2, 1.4) . . . . . . . . . . . .

Colon cancer
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